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M. Batt,1* P. Haudebourg,1 P.-F. Planchard,1 E. Ferrari,2 R. Hassen-Khodja1 and
P.-J. Bouillanne1Departments of 1Vascular Surgery, Hoˆpital Saint-Roch, 5 rue Pierre De´voluy, BP 1319, 06006 Nice Cedex 1,
and 2Cardiology, Hoˆpital Pasteur, 30 avenue de la Voie Romaine, BP 69, 06002 Nice Cedex 1, FranceObjectives. To analyze the incidence, clinical features, natural history, and treatment of penetrating atherosclerotic ulcers
(PAU) of the abdominal aorta.
Material and methods. From January 2000 to June 2003, an abdominal PAU was diagnosed at our institution in eight
patients (seven men, one woman; mean age 70 year). These eight cases were analyzed together with 38 additional cases found
in a review of the literature (total 46 cases).
Results. Occurring at an incidence of approximately 1%, abdominal PAU are less common than thoracic PAU. Seventy
percent of cases are symptomatic: pain 52.5% (nZ21), acute lower limb ischemia due to distal embolism 12.5% (nZ5),
shock 5% (nZ2). Diagnosis is usually made by CT (66%) (nZ26) that demonstrates a PAU in 35% (nZ16) of cases, a
subadventitial pseudoaneurysm in 28% (nZ13), and rupture in 37% (nZ17). An intramural hematoma (IMH) is observed
in 9% (nZ4) of cases. There were no cases of aortic dissection in this series. Calcifications of the abdominal aorta were
frequent (56%) (nZ26); while intra-aortic mural thrombus was found in 24% of cases (nZ11), and 46% of patients (nZ
21) had an associated aneurysm. Twelve patients were treated medically while 34 underwent surgery (one postoperative
death).
Conclusion. Review of the literature and this series suggests that PAU of the abdominal aorta is a life-threatening lesion, the
main risk being rupture. Surgical management is recommended owing to its low morbidity and mortality.Keywords: Aortic ulcers; Atherosclerosis; Abdominal aorta.Introduction
Penetrating atherosclerotic ulcers (PAU) of the aorta
are defined as atherosclerotic lesions with ulceration of
the aortic intima and media and rupture of the internal
elastic lamina.1–3 These lesions typically occur in
elderly patients with systemic atherosclerosis. PAU
were first described by Shennan in 1934,4 yet their
natural history remains unclear and treatment remains
controversial. Occurring predominantly in the thoracic
aorta, PAU is uncommon in the abdominal aorta. This
series of eight cases of abdominal PAU (A. PAU) was
completed by a review of literature reports to
determine their incidence, clinical features, natural
history and treatment.ing author. Dr Michel Batt, MD, Department of
gery, Hoˆpital Saint-Roch, 5 rue Pierre De´voluy, BP
ice Cedex 1, France.
: m.batt@chu-nice.fr.
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Between January 2000 and June 2003, 234 patients
underwent abdominal aortic procedures at our insti-
tution for aneurysms or atherosclerotic disease. A total
of eight patients were found to have an A. PAU,
corresponding to an incidence of 3.4% (8/234) of
patients who underwent aortic procedures for aneur-
ysms or atherosclerotic disease. The three radiological
diagnostic criteria for PAU on contrast-enhanced CT-
scans and aortograms were based on the Mayo Clinic
classification:3 a well-defined ulcer crater in the aortic
wall, a subadventitial pseudoaneurysm (SAP) extend-
ing beyond the aortic wall, or a transmural rupture
with extraaortic hematoma. Patients who had a history
of abdominal trauma, infections, aortic disease, or
Marfan syndrome were excluded from the study. A
Medline search reviewed the literature on A. PAU1,5–20
and 38 additional cases were added to our series. The
data on PAU was compared with that published on
thoracic PAU (T. PAU) since the 1986 series of Stanson3Eur J Vasc Endovasc Surg 29, 35–42 (2005)
doi:10.1016/j.ejvs.2004.09.025, available online at http://www.sciencedirect.com onved.
M. Batt et al.36to determine the differences between these lesions at
each site.1–3,14,15,21–38 Statistical methods were used for.
Chi-square analysis was used to compare A. PAU and
T. PAU (chiZ0.05).Results
The eight men and one woman in this series had a
mean age of 70 years (range 66–78 year). All eight
patients were smokers and five patients had chronic
obstructive pulmonary disease. Past medical history
included hyperlipidemia (six patients were medicated
with statins), hypertension (four patients on antihy-
pertensive medication), coronary insufficiency (three
patients), and cerebrovascular insufficiency (three
patients). Six patients had peripheral vascular disease
while four had previously undergone peripheral
vascular surgery and one was diabetic.
Two of the eight patients were asymptomatic. Of the
six patients with symptoms, five had lumbar or
abdominal pain that prompted diagnosis. One of
these five patients had undergone emergency surgery
because of abdominal pain associated with syncope
that suggested a ruptured aneurysm of the abdominal
aorta. The 6th symptomatic patient had acute ischemia
of the lower extremities due to arterial embolism that
led to diagnosis of the A. PAU (Table 1).
In four patients, arteriography demonstrated a SAP
ranging from 15 to 35 mm in diameter and located at a
depth of 15–30 mm. Three patients had a single SAP
whereas one had both an aortic and a common iliac
artery SAP (Fig. 1). Arteriography also demonstrated
associated atherosclerotic arterial lesions in three
patients: stenosis of a renal artery in two patients
and an occlusion at the origin of the superior
mesenteric artery in one patient.Table 1. Clinical characteristics of the eight patients in this series
Patients Sex, age Presenting
symptoms
Associate
cular dise
1 M/68 Abdominal pain
shock
CA
2 M/72 Lumbar pain PVD
3 M/69 None PVD
4 M/66 Lumbar pain CA; PVD;
5 M/69 None PVD
6 M78 Lumbar pain CA
7 M/66 Lumbar pain PVD; CI
8 F/72 Lower limb
embolism
PVD; CI
CA, coronary artery disease; PVD, peripheral vascular disease; CI, cer
Eur J Vasc Endovasc Surg Vol 29, January 2005In the remaining four patients, transmural rupture
(three cases) (Fig. 2) and SAP (one case) were
diagnosed by CT. CT also revealed extensive aortic
calcifications (five cases) and thrombus in the abdomi-
nal aorta (three cases). The presence of calcified intima
helps differentiate thrombus from atheroma of the
aorta (Fig. 3). None of the patients in this series had a
dissection or an intramural hematoma (IMH) compli-
cating the A. PAU. Three patients in this series
presented six associated aneurysms: descending thor-
acic aorta (one case), abdominal aorta (two cases: one
adjacent to and one at the site of the A. PAU), common
iliac artery (one case), and popliteal artery (two cases).
All eight patients in this series underwent surgery.
In five cases, the abdominal aorta was replaced by a
Dacron prosthetic graft: aorto-aortic tube graft (three
cases), aorto-bi-iliac graft (one case), aorto-ilio-femoral
graft (one case). A renal artery was reimplanted
simultaneously in two cases, an inferior mesenteric
artery in one case, and a superior mesenteric artery in
one patient.
Intraoperative bacteriological samples were nega-
tive in the five patients but two of them developed
postoperative complications: One patient developed
septicemia of urinary origin that required prolonged
antibiotics and a retroperitoneal hematoma in another
patient required ligation of the lumbar arteries. Both of
these complications had a favorable course.
Three patients underwent endovascular treatment.
The patient with both an A. PAU and a common iliac
artery PAU was managed with two stent grafts: one
placed at the level of the infrarenal aorta (Talentw 22!
76 mm2) and the other placed on the common iliac
artery (Hemobahnw 11!50 mm2). The second patient
was managed by placement of a stent graft at the level
of the infrarenal aorta (Cookw 24!36 mm2). The third
patient was managed with a right aorto-uni-iliac stentd vas-
ase
Associated
aneurysms (n)
Treatment Outcome (mo)
– Tube graft Death (24)
– Stent graft Alive (41)
– Bifurcated graft Alive (32)
CI Infrarenal aorta
(1)
Tube graft Alive (30)
Infrarenal aorta
(1) popliteal
artery (2)
Stent graft Alive (26)
– Bifurcated graft Alive (24)
Thoracic aorta
(1) common iliac
artery (1)
Tube graft Alive (18)
– Stent graft Alive (12)
ebrovascular insufficiency M, male; F, female.
Fig. 1. Aortic and common iliac subadventitial pseudoaneurysms.
Penetrating Abdominal Aortic Ulcers 37graft (Cookw, proximal and distal diameters 24 and
12 mm) associated with a femoro-femoral bypass and
occlusion of the left common iliac artery. Both PAU
were excluded and these three patients had an
uneventful postoperative course.Fig. 2. Chronic rupture of a subadventitial pseudoaneurysm.No postoperative death occurred in this series and
no patient was lost to follow-up (mean 21 months;
range 12–41 mo.). One patient died at the 24th month
of peritonitis following perforation of the sigmoid.
Clinical data for the eight patients in this series are
listed in Table 1 and the 38 cases of A. PAU reported in
the literature1,5–20 associated with the eight cases in
this series are listed in Table 2 (46 cases).Discussion
PAU are the subject of considerable controversy with
respect to definition as well as natural history.
Stanson3 defines a PAU as an atherosclerotic lesion
with an ulceration that penetrates the internal elastic
lamina and the media of the aortic wall. Most cases
reported in the medical literature regarding the
imaging appearance of penetrating ulcer do not have
histologic proof and the diagnosis of atherosclerotic
lesion is assumed but unconfirmed. For these reasons,
Quint14 referred to these lesions as ‘ulcerlike lesions’ of
the aorta rather than PAU. However, strong arguments
exist in favour of atherosclerosis as the cause of PAU.
PAU is more common in men and the elderly. PAU is
associated with severe atherosclerosis, and localised in
the distal thoracic and abdominal aorta, where
atherosclerotic changes are most common.2,15,39 PAUEur J Vasc Endovasc Surg Vol 29, January 2005
Fig. 3. Subadventitial pseudoaneurysm of the abdominal aorta. Grey arrow: subadventitial pseudoaneurysmwith thrombus.
Black arrow: extensive aortic calcification of the aorta. White arrow: thrombus in the aorta.
M. Batt et al.38corresponds exactly to the definition of type VI lesions
in the AHA classification of atherosclerotic lesions.39
PAU must be distinguished from, but may also be
associated with, aortic debris, true aneurysms, and
classic aortic dissection. Differentiation of these dis-
ease entities can be difficult. In the literature, a certain
degree of confusion appears to exist concerning the
differentiation of PAU and the complications associ-
ated with their natural course. Like Harris, Stanson
and Tsuji,1,3,17 we classified PAU as any well-defined
ulcer that did not extend beyond the wall of the aorta
on arteriography or CT. Lesions extending beyond the
aortic wall were considered progressive complications
of a PAU, and included SAP (Figs. 1 and 3), or
transmural rupture with an extra-aortic hematoma
(Fig. 2). Other complications (dissection and IMH) are
more frequent with T. PAU (Table 3). All eight of our
patients had complications (five SAP, three ruptures).
Review of the literature (Table 4) found 13 cases (28%)
of non complicated PAU and 33 cases (72%) with
complications that included SAP (13 cases, 28%),
transmural rupture (17 cases, 37%), and IMH (four
cases, 9%) (one IMH associated with an SAP, three
IMH associated with a PAU). No dissection was found
with A. PAU. PAU, IMH and dissection are frequently
associated,21 in one series dissection developed during
follow-up in 46% of PAU and 27% of IMH. Conversely,Eur J Vasc Endovasc Surg Vol 29, January 2005most authors2,22,23,25,44 consider these lesions to be
distinct entities. PAUwas a disease of the intima while
IMH and dissection were a disease of the media. In
this series, there was no dissection with A. PAU (Table
4). Propagation of dissection is probably prevented
because of extensive fibrosis of the aortic wall. IMH is
believed to be due to rupture of the vasa vasorum in
the aorta, but IMH was more often associated with
PAU than dissection in this series and in the series of
Granaha40 and Cho,23 where PAU and IMH were
associated in more than 50% of cases and PAU was an
indicator of disease progression.
The natural history of A. PAU remains unclear and
little information is available in the literature. How-
ever, follow-up data for T and A. PAU are often
analyzed together, despite the differences in their
natural course (Table 3). Quint14 provided follow-up
data for 33 PAU (29 T. PAU, 4 A. PAU). Three A. PAU
were stable and one progressed (increasing to 5 cm in
diameter). Eighteen T. PAU were stable and 11
progressed. No significant correlation was found
between any presenting clinical symptoms and the
clinical or CT outcome. The unpredictable course of
PAU was emphasized by Goldstein,10 whose patient
had rupture of a PAU 1 month after initial diagnosis.
Harris1 presented follow-up data for 10 patients (7 T.
PAU, 3 A. PAU). All three patients with A. PAU had
Table 2. Characteristics of 46 PAUs of the abdominal aorta (review of the literature and this series)
Author
(year)
NZ46 Age, sex Comorbid
conditions
Signs at presentation Diagnosis Associated
aneurysm
Treatment Outcome
(mo)
HT CA PVD Pain Shock Lower
Limb
Embolism
None CT A8 MRI Medical Resection
graft
Stent
graft
Lagaay 5
(1974)
3 58 3M 1 3 – 3 1 – – – 3 – – – 3 – 12 alive
Cornud 6
(1980)
1 53 1M – 1 – 1 – – – – 1 – – – 1 – Alive
Barbier 7
(1983)
1 73 1F – – – 1 – – – – – – – – 1 (Suture) – Alive
Barba 8
(1990)
1 37 1M – – – – – 1 – – 1 – – – 1 – Alive
Harris 1
(1994)
7 NA NA NA NA – – 2 5 NA NA NA NA 6 1 – Alive
Origuchi 9
(1996)
4 59 3M 1F 1 – – 4 – – – 4 – 1 1 – 4 – 3 alive
(30,60,108)
1 death (4)
Goldstein
10 (1997)
1 67 1M 1 1 – 1 – – – 1 – – 1 – 1 – Alive
Moriyama
11 (1998)
1 74 1M 1 – – – – – 1 1 1 – 3 – 1 – Alive
Taylor 12
(1999)
2 NA NA NA NA – – – 2 2 – – – – 2 – Alive
Eggeb-
recht 13
(2001)
1 70 1M 1 – – – – – 1 1 1 – – – – 1 Alive (6)
Quint 14
(2001)
6 NA NA NA NA NA NA NA NA 6 – – 6 6 – – Alive (18)
Toda 15
(2001)
1 66 1M 1 – – 1 – – – 1 1 – – – 1 – Alive
Farooq 16
(2001)
2 68 2M 2 – 1 – – 1 1 1 1 – – – 2 – Alive
Tsuji 17
(2003)
4 78 4M 4 2 – 3 – – 1 2 – 2 – – – 4 3 alive (4,
11, 32) 1
death (7)
Vasquez
18 (2003)
1 81 1 M 1 – – 1 – – – 1 – – – – – 1 Alive
Saiki 19
(2001)
1 81 1F 1 – – 1 – – – 1 – – 1 – 1 (AFB) – Alive
Ventua 20
(2003)
1 68 1F 1 – – 1 – – – 1 – – – – 1 – Alive
Present
report
8 70 7 M 1F
Average
4 3 6 4 1 1 2 4 4 – 6 – 5 3 8 alive (12,
18, 24, 24,
30, 32, 41)
Total 46 67 19 10 7 21 2 5 13 26 13 3 18 12 25 9
HT, hypertension; CA, coronary artery disease; PVD, peripheral vascular disease; AFB, axillary bifemoral bypass; NA, not available.
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Table 3. Comparison of the outcome of thoracic and abdominal PAUs
Variable Infrarenal PAU (nZ46) Thoracic PAU (nZ220) p
Age (yr) 67 72 NS
IMH (%) 4 (9%) 93 (42%) P!0.01
Rupture (%) 17 (38%) 44 (20%) NS
Dissection (%) 0 18 (8%) NS
Embolism (%) 5 (9%) 2 (0.9%) P!0.01
Associated aneurysms (%)* 18 (46%) 61 (28%) P!0.01
Postoperative death (%) 1 (2%) 4 (2%) NS
PAU, penetrating atherosclerotic ulcer; IMH, intramural hematoma.
* Including aneurysm at another arterial site.
M. Batt et al.40complicated forms; one had an SAP similar to our
cases and underwent surgery. The other two patients
had distal ischemia caused by embolism from a PAU;
one of them had a recurrent embolism and required
amputation. Of their seven patients with a T. PAU, five
had recurrent pain with progressive enlargement of
the aorta or a SAP (mean diameter 6 cm); rupture with
mediastinal hemorrhage occurred in one case. The
other two patients had no recurrence of pain. In this
series, one patient had distal embolism and three had
rupture.
PAU typically occur on the thoracic aorta. In the two
largest series published to date,1,14 T. PAU were more
frequent (89 and 76%) than A. PAU (11 and 24%). The
most common sites of PAU, the distal thoracic aorta
and the abdominal aorta, are the aortic segments most
subject to atherosclerotic changes. These results are
reflected in literature data: 220 T. PAU (83%)1–3,14,15,21–38
have been described since the 1986 series of Stanson,3
whereas there have been only 38 reports of A. PAU1,5–20
(17%), not counting the 8 cases in this series (Table 2).
The true incidence of PAU has yet to be determined.Table 4. Description of aortic abdominal lesions from aortography, C
this series)
Author (year) NZ46 Extensive
calcifications
Mural
thrombus
Lagaay 5 (1974) 3 – –
Cornud 6 (1980) 1 – –
Barbier 7 (1983) 1 1 –
Barba 8 (1990) 1 – 1
Harris 1 (1994) 7 3 5
Origuchi 9 (1996) 4 3 –
Goldstein 10 (1997) 1 1 –
Moriyama 11 (1998) 1 1 –
Taylor 12 (1999) 2 2 –
Eggebrecht 13 (2001) 1 – –
Quint 14 (2001) 6 – –
Toda 15 (2001) 1 – –
Farooq 16 (2001) 2 1 –
Tsuji 17 (2003) 4 4 1
Vasquez 18 (2003) 1 1 –
Saiki 19 (2003) 1 1 –
Ventura 20 (2003) 1 – 1
Present report 8 8 3
Total 46 26 (56%) 11 (24%)
PAU, penetrating atherosclerotic ulcer; SAP, subadventitial pseudoane
Eur J Vasc Endovasc Surg Vol 29, January 2005No literature study to date has appropriately
addressed this question. The incidence of T. PAU
varies from 2 to 7%2,3,15 while A. PAU are considered
responsible for 1–5% of all aortic ruptures.5,11,41 SAP
appear to account for 1% of all aortic aneurysms12 and
the incidence of PAU in the patients who underwent
aortic procedures for aneurysms or atherosclerotic
disease varied from 2.115 to 3.4% in this series. The
incidence of these lesion depends on the diagnostic
method. To detect T. PAU, Coady2 re-reviewed the
data base consisting of 431 imaging studies (MRI, CT,
angiography) for the 198 patients originally classified
as having thoracic aortic dissection. He found that
7.6% (15/198 patients) had a T. PAU. Stanson3
reviewed 684 consecutive angiography studies and
found 2.3% T. PAU (16/684 angiograms), but the true
incidence is probably much higher, because arterio-
graphy does not analyze the aortic wall and cannot
demonstrate lesions superposed on the aortic lumen.
CT is more accurate, and is the must commonly used
technique (Table 2). MRI appears more effective
because it reduces the rate of false negative diagnosesT, and operative analysis of 46 PAUs (review of the literature and
PAU SAP IMH Dissection Rupture
(total)
– – – – 3
– – – – 1
– – – – 1
1 – – – –
6 1 – – –
– – – – 4
– – – – 1
– – 1 – –
– 2 – – –
– – 1 – –
6 – – – –
– 1 – – –
– 2 – – –
– 1 1 – 2
– – – – 1
– 1 – – 1
– – 1 – –
– 5 – – 3
13 (28%) 13 (28%) 4 (9%) 0 17 (37%)
urysm; IMH, intramural hematoma.
Penetrating Abdominal Aortic Ulcers 41from 43 to 4.8%,1 but it is less rapidly available than
CT.
Associated aneurysms and lower limb embolism
were more frequent with A. PAU than with T. PAU
(Table 3). The high incidence of associated aneurysms
with A. PAU should prompt searches for aneurysms at
other arterial sites. Lower limb embolism complicating
A. PAU was not exceptional. When there are no signs
suggesting a cardiac origin, discovery of lower limb
embolism should prompt a search for an aortic cause,
and in particular PAU.
The treatment of PAU remains controversial.
Hollier42 recommended surgical treatment for all
PAU and SAP regardless of size. For other authors,
however,1,14,25 aortic repair is not necessary because
most PAU have a benign clinical course. Nevertheless,
surgery is mandatory when PAU is complicated by
embolism, rupture, or SAP. Most vascular surgeons
consider that asymmetry and the focal bulge represent
a zone of weakness and thus an increased risk of
rupture. Vorp43 demonstrated that shape and asym-
metry are as important as diameter in determining
wall stress and the risk of rupture. Conventional
resection should be proposed as it has low morbidity
and mortality (Table 2). Use of aortic stent grafts is
changing the strategy for treatment of PAU. This less
invasive procedure is suitable for high risk patients,
and can be used in case of rupture.18Conclusion
Despite its limitations, this retrospective study
revealed that A. PAU are less frequent than T. PAU.
The incidence of these life-threatening lesions, whose
main risk is aortic rupture, is probably under-
estimated, and surgical resection or stent-graft place-
ment, which have low morbidity and mortality, are
recommended.Acknowledgements
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